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A simple atomic beam oven with a metal thermal break
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We report the design and construction of a simple, easy to machine high temperature oven for generating
an atomic beam in laser cooling experiments. This design eliminates the problem of thermal isolation of the
oven region from the rest of the vacuum system without using a glass or ceramic thermal break. This design
simplifies the construction and operation of high temperature ovens for elements having low vapor pressure.
We demonstrate the functionality of such a source for Strontium (Sr) atoms. We generate a high flux of Sr
atoms for use in laser cooling and trapping experiments. The optimization of the design of the metal thermal
break is done using a finite element analysis.
I. INTRODUCTION
Laser-cooled atomic samples provide novel insight into
the individual as well as the collective quantum behav-
ior of matter at ultra-low temperatures. These quan-
tum gases find extensive use in experiments ranging from
studying quantum degeneracy1, quantum simulation2–4
to quantum information processing5, inertial sensing6
and making the most accurate atomic clock7–9. One of
the basic requirements in these experiments is to have
a high flux atomic source capable of producing a highly
collimated beam of atoms. Such an atomic beam can be
slowed down in a collision-free environment using Zeeman
slower10 and is used for loading into a Magneto-Optic
Trap (MOT) for further laser-cooling. Therefore, design-
ing an efficient atomic oven for the atomic species under
consideration11 is the first crucial step towards the gen-
eration of laser-cooled atomic samples. Atomic species
with relatively low vapor pressure (e.g., 1 Pa at 796 K
for Strontium atoms) require the oven to be operated
at a high temperature (e.g., greater than 700 K for Sr).
For such systems, the isolation of the rest of the vacuum
chamber from this high-temperature region is technically
challenging. This problem is traditionally addressed ei-
ther (1) by using a glass or a ceramic break between the
oven and the vacuum chamber, Or (2) by incorporat-
ing the oven completely inside the Ultra High Vacuum
(UHV) chamber11,12. These measures are good enough
for the problem under consideration, but they are rela-
tively complex in terms of design, construction and main-
tenance. The later solution is quite appealing, however,
due to thermal cycling, the heating elements kept inside
the vacuum chamber sometimes become fragile and need
to be replaced by venting the UHV system, which can be
time consuming and tedious. Hence, it is advantageous
to keep the heating elements outside the vacuum system.
In this article, we demonstrate a design that is simple
and easy to machine for achieving high-temperatures
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for an oven of Strontium atoms. This design overcomes
the problems mentioned above. Additionally, the oven
also removes complications of individually heating the
reservoir and collimating capillaries13,14 and can easily
be implemented for other low vapor pressure atomic
species. This paper describes a detailed design and
construction of such an oven followed by the steady
state thermal profile simulation of the system in Finite
Element Analysis (FEM) by COMSOL MultiphysicsR©
software15. The numerically computed thermal profile
has a good agreement to that of experimentally mea-
sured values in our system. In the later part of this
paper, we have proposed minor changes in the existing
design which makes it more suitable in terms of thermal
isolation. These modifications are suggested by studying
the temperature profile from FEM simulations, using the
same module and are more apt for low vapor pressure
atomic species.
II. DESIGN AND CONSTRUCTION
The oven consists of two sections. The first part is ma-
chined from a single block of UHV compatible stainless
steel (SS304) and shaped into a CF35 vacuum flange as
shown in figure 1. The relevant dimensions of the differ-
ent parts are shown in figure 1(b). The novelty of this de-
sign lies in choosing a geometry that reduces the thermal
conductivity between the oven and the rest of the system.
For a given material, the thermal conductivity between
two points can be reduced by decreasing its thickness and
by increasing the distance between them. In the present
case, in order to reduce the thermal conductivity, a nar-
row constriction of thickness 4.5 mm is made by scraping
out the material along the radial direction. The length of
this narrow neck is limited by the geometry of the current
design to 4.5 mm. A hole with diameter 7 mm and length
39 mm is made on this section which serves as a reser-
voir for 99.9 % pure Strontium atoms (Sigma Aldrich,
460346-5G). The second part of the oven houses a bun-
dle of narrow capillaries. It has been shown that an array
2of micro capillary channels outperforms a single aperture
collimation tube in terms of intensity and collimation ra-
tio along the axial direction16. If the system is not in
molecular flow regime (Knudsen number < 0.5), the col-
limation is determined by the aspect ratio of the micro-
capillary channel. As the aspect ratio is the key to the
degree of collimation, for the current experiment, readily
available hypodermic needles of 24 Gauge (internal di-
ameter (ID): 400 µm) are used. The needles are cut to
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FIG. 1. (a) Isometric view of the oven assembly; (b)
Schematic diagram of Sr reservoir. All the dimensions are in
mm; (c) Image of the needle holder carrying ∼60 hypodermic
needles.
a length of 15 mm by using a sharp knife. After cutting,
the faces are smoothened using fine emery paper. Each
needle gives a collimation of ∼26 mrad. Approximately
60 needles are bunched together with the help of a stack
holder as shown in figure 1(c). An important criteria for
smooth operation of such a microchannel-based oven is
to make sure that all the capillaries are aligned axially in
the direction of atom-capture region. One of the several
ways to make a defect-free lattice of such tubes is to use
a holder with triangular cross-section13 which results in
the hexagonal packing of the needles. For convenience
in machining, the design with the square cross-section is
chosen in our experiment. The resulting defect in the
alignment has not led to any observable problems. The
needle holder and the reservoir are assembled with the
help of four M4 screws as shown in figure 1(a).
The oven is electrically heated using a 21 AWG (Amer-
ican Wire Gauge) Nichrome wire. A layer of seven turns
of such Nichrome wire is wound on the reservoir for this
purpose. In order to avoid any electrical short, a Mica
sheet is used between the oven and the heating wire. A
cylindrical enclosure (ID 70 mm, length 150 mm) made
of Aluminum is used to isolate the oven region from the
surrounding. This cylinder is filled with glass wool to re-
duce heat loss directly to the environment by convection.
The temperature of the oven is maintained by using a
switching module (SELEC: TC533). It periodically turns
the current ON to maintain a particular set temperature.
During each ON time, it passes an alternating current of
8.3 A with a voltage drop of 22.5 Vrms controlled by a
variac. By changing the duty cycle, it controls the power
delivered to the oven and hence maintains the temper-
ature of the oven. The power delivered to the system
has been computed by measuring the duty cycle of the
switching. The electrical power delivered as a function
of oven temperature is shown in figure 2.
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FIG. 2. Estimated electrical power as a function of set tem-
perature. Symbols represent experimentally measured data
point. The dashed line is a guide to eye. The error bars rep-
resent the uncertainty in the estimation of power due to an
error in the measurement of duty cycle.
III. CHARACTERIZATION AND RESULTS
In order to understand the temperature distribution of
the oven and the effect of modifications in geometry, heat
simulations were run in COMSOLMultiphysics (Version-
5.2) software. COMSOL uses the finite element method
(FEM) to calculate an approximate numerical solution
of the required partial differential equation (PDE) for a
given set of boundary conditions. The oven attains ther-
mal equilibrium by dissipating heat to the surrounding
ambient air via convection and radiation. To accommo-
date these factors in the simulation of the temperature
profile, we employ the ‘heat transfer in solid’ module
in COMSOL. This module allows one to simulate the
steady-state/time-dependent solution of the temperature
profile in the presence of fluid and solid elements. It uti-
lizes experimentally determined correlations between the
temperature profile and fluid flow around a particular ge-
ometry to calculate the thermal profile of a given system.
The geometry for implementing forced convection in our
system is taken to be ‘planar’. To employ forced convec-
tion cooling on a surface we take the characteristic length
to be the largest relevant dimension in that region e.g.
the characteristc length for the surfaces of ion pump is
taken to be 0.3 m. Solutions thus obtained under these
conditions are found to converge to reasonable values.
Figure 3. displays a numerically simulated thermal
profile of the system. In our experimental setup, the oven
is connected to a CF35 6-way cross, a 55 l/s ion pump and
a pneumatically operated rotary shutter (Part number -
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FIG. 3. Numerically simulated thermal profile of the oven in-
cluding a CF35 6-way cross, a 55 l/sec ion pump (bottom) and
an atomic beam shutter (right). The reservoir is maintained
at the constant temperature of 800 K. The temperature is
monitored at the region connected to 6-way cross, shown by
point ‘A’.
MD20RAIX000Z from UHV Design). A simplified model
of the system has been considered for the numerical sim-
ulation using COMSOL Multiphysics. The temperature
of the reservoir is varied from 500 K to 1300 K in the
simulations. For forced convective cooling, the air speed
is taken to be 1.5 m/s and the characteristic length at
a surface to be the largest local dimension as mentioned
previously. Radiative cooling is taken into account by
considering the surrounding temperature to be 20◦C and
the emissivity of stainless steel (grade SS304) to be 0.6517
at all the surfaces under consideration (outside as well
as inside the vacuum). After each such simulation, the
temperature was measured at the periphery of the oven
flange marked as point ‘A’ in figure 3. These simula-
tion parameters give results comparable to the measured
temperature profile at the flange within a reasonable er-
ror bound.
Figure 4. summarizes the effect of oven geometry on
the degree of thermal isolation as measured by the tem-
perature difference between the oven and point ‘A’ on the
flange. The numerically simulated values of such temper-
ature difference have been plotted as a function of oven
temperature in figure 4. Simulations were repeated for
different oven geometries; (a) without any constriction
(diamond symbols), (b) with the current design of the
oven
[
length and thickness of the constriction equal to 4.5
mm (circular symbols)
]
, and finally (c) with the proposed
design of the oven
[
length and thickness of the constric-
tion equal to 13.5 mm and 1.5 mm respectively (triangu-
lar symbols)
]
mentioned later in the text. The observed
temperature difference between the reservoir and at point
‘A’ of the flange scales linearly with oven temperature at
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FIG. 4. Effect of geometry of the constriction on thermal iso-
lation: The numerically simulated temperature difference as a
function of oven temperature (a) without any constriction (di-
amond symbols), (b) with current design of constriction (cir-
cular symbols), (c) with proposed design (triangular symbols).
Inset shows a comparison between the numerically simulated
(circular symbols) and experimentally measured (square sym-
bols) temperature difference as a function of oven tempera-
ture. Error bars represent the uncertainty in the values of
temperature difference.
higher temperatures. In the inset of figure 4, a com-
parison between the experimental result and numerically
simulated values for the current setup are displayed. A
±5% error has been considered for both the cases to in-
corporate the uncertainty in the values of emissivity and
air current. The experimentally measured thermal pro-
file shows promising agreement with the simulated one.
The offset (∼20 K ) between these two curves can be
attributed to the fact that the simulated model is not
an exact 3-D model. The connections between various
flanges in the real system is poorer as opposed to the
simulated system, since in the simulated model, the six
way cross together with the flanges is taken as a homoge-
neous material. We have also omitted the Zeeman slower
connected to the opposite side of the Oven. In the ac-
tual system, the various flanges are connected with cop-
per gaskets and stainless steel fasteners. In addition, the
emissivity is non uniform since there are slightly different
materials near the ion pump and the rotary shutter.
In order to understand the effect of the geometry on
the thermal isolation, a series of simulations were done
by varying the thickness of the constriction (for a fixed
length of 13.5 mm) and the oven temperature. The re-
sults of these simulations are summarized in figure 5(a)
as a contour plot. In order to clearly see the effect of the
thickness, a plot of temperature difference as a function
of the same is shown in figure 5(b) while keeping the op-
erating temperature of the oven constant at 800 K. The
variation of temperature shows power law behavior with
thickness. This leads us to propose a modified design
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FIG. 5. (a) Contour plot of the difference in temperature as
a function of oven temperature and thickness of the constric-
tion (length of the constriction = 13.5 mm), (b) variation of
temperature difference as a function of thickness of the con-
striction for fixed oven temperature at 800 K (Cross section
of the contour along the dotted line). Dashed line is a guide
to eye.
of the oven. In this new design, the length of the nar-
row part is increased to 13.5 mm, and the thickness of
constriction is reduced to 1.5 mm for better thermal re-
sistance, without compromising on the physical strength
of the oven. To compare this design with the existing
one, the simulation results for this oven design (triangu-
lar symbol) are also shown in figure 4 along with the other
designs. This design with minimal modification outper-
forms the existing one by a significant factor making it
more suitable for elements that have lower vapor pressure
than Strontium and need higher operating temperatures.
In order to characterize the oven, the first stage of 88Sr
MOT is operated on 5s2 1S0 −→ 5s 5p
1P1 transition
(λ = 460.7 nm, saturation intensity Is = 42.7 mW/cm
2
) in a standard σ+ − σ− configuration. The blue light
for the experiment is generated using a home built opti-
cal frequency doubler by injecting an input light of 922
nm wavelength and power ∼700 mW, derived from the
output of a commercial tapered amplifier. The frequency
of this light is stabilized to an atomic reference18. Mag-
netic field for the MOT is generated using a pair of anti-
Helmholtz coil generating a magnetic field-gradient of
∼12 Gauss/cm/A along the axial direction of the coils.
During loading of atoms in the MOT, the quadrupole
coils are operated at a current of 4 A and detuning of
the MOT laser beams is kept at -33 MHz (∼1 Γ/2pi,
where Γ is the natural linewidth of the cooling transi-
tion) from the resonant transition frequency. This leads
to decay of a fraction of atoms into the metastable state
3P2. In order to bring the atoms back into the main
cooling cycle, a repumping laser is operated between the
states 5s 5p 3P2 −→ 5s 6s
3S1 at a wavelength of 707.2
nm. This laser is frequency stabilized using a commer-
cial wavemeter (High Finesse, WSU-30) and a Labview
interfaced digital PID. The loading curve of the MOT
is obtained by collecting the fluorescence of the trapped
atoms onto a Hamamatsu photomultiplier tube (H9307-
02) using a lens subtending a solid angle of 0.2 srad at
the center of the trap. The effect of repumper is seen
in the enhancement of fluorescence by nearly 3 times as
shown in figure 5. This however does not prevent the
loss of atoms in another triplet state 3P0, which requires
another repumping laser at 679.2 nm. For the current
geometry, we obtain 7× 105 atoms with the loading rate
of 2.6× 107 atoms/sec.
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FIG. 6. Fluroscene of Sr atoms in MOT collected on a photo-
multiplier tube as a function of time; (a) without repumping
laser, (b) with repumper laser.
IV. CONCLUSION
We have demonstrated a simple, compact, cost-
efficient solution for design and construction of an
atomic beam oven for low vapor pressure elements. The
ease of machining, freedom of having all the heating ele-
ments outside the vacuum chamber makes it more frugal
compared to the popular techniques. The measured
results of the temperature gradient of the oven agree
with numerical simulations performed using COMSOL
Multiphysics. The proposed modification in the design
is easy to implement and can be used for other atomic
species.
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